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的生地化变化特点和相应的环境演变。本文利用近 20 年的卫星遥感 Chl-a 数据，
使用非监督式方法—多项式回归混合模型，探索和获取合理且客观的南海生态分




观地划分为 7 个生态分区—K1 为沿岸高值区，K2 为混合作用主控的 Chl-a 高值
区，K3 为近岸高值和寡营养盐海区的过渡区，K4 是吕宋西北海区的冬季藻华区，











进浮游植物增长的同时，使得 MLD 受到压迫，MLD 下降。对于 K4~K7，寡营
养盐海区，主要受到风混合加强，使得夹带表层的营养盐增多，促进浮游植物增
长。 
最后，利用 Bio-Argo 实测数据对比验证利用遥感数据分区的合理性。K7 区
的 Chl-a 含量最低，在夏季和冬季有所增长，存在永久性的 SCM 层；对于 K6
区，在南海北部冬季藻华爆发时期，SCM 层被破坏，把这一深度丰富的营养盐

































In the past few decades, despiting in the complex marine environment under 
physical and biological interactions, oceanographers have recognized the existence of 
distinct biogeographic provinces in the oceans, which can help us understand the 
ecological changes better in the ecological area characteristics and corresponding 
environmental evolution. Based on the 20-year satellite remote sensing chlorophyll 
data, this paper explores a reasonable and objective method to obtain ecological 
provinces in the SCS using the unsupervised-polynomial regression model, then 
ocean color and Bio-Argo data are used to verify the rationality of ecological 
provinces and analyze their biogeochemical characteristics. 
Firstly, this paper uses the unsupervised clustering method and polynomial 
regression model to test and analyze the error data in the SCS, using the remote 
sensing climatological data to determine the stable parameters. According to the 
selection of suitable parameter, the above-mentioned cluster analysis algorithm is 
used to divide the SCS into seven ecological provinces K1~K7: K1 is the coastal high 
value region , K2 is high value region controlled by mixing, K3 is the transitional 
region between high value and oligotrophic region, K4 is the winter bloom region in 
the northwestern part of Luzon, K5 is the southeast part of Indochina, K6 is the 
northern and the southeastern part of the SCS, K7 is the central sea basin region. 
Then, combined with satellite dataset including sea surface height, wind field, 
temperature, precipitation and mixed layer depth reanalysis data, using wavelet 
analysis to obtain different periods (seasonal, interannual) and trend items, and 
analysis of the change of physical factors to explain phenomenon, for all kinds of 
ecological provinces in the SCS. For the seasonal mode, since the SCS is dominated 
by the monsoon, there are still obvious half a year periodic changes in the the SCS, 
but the annual circulation mode is still the main body of the seasonal mode, the 
seasonal dominance factor of the ecological provinces are different. For the 
interannual mode, the first is the impact of ENSO climate force. when the El Niño 















making seawater stratification is obvious, accompanied by monsoon and wind stress 
curl weakened, the whole sea wind mixing strengthened and upwelling weakened, and 
nutrient which limits the growth of phytoplankton is lower than normal. For the trend 
mode, most of the CHL ecological provinces showed an increasing trend in the SCS. 
For the K1 ~ K3 regions nearing the coastal area, the mixed layer depth is downtrend. 
The reason is that the trend of coastal upwelling becomes strong and enhances the 
growth of phytoplankton, at the same time the strong coastal upwelling oppresses the 
mixed layer depth, and makes it decline. For the K4 ~ K7, the oligotrophic 
regines,which are mainly affected by the wind mixing strengthening, make the 
nutrient of subsurface entrainment into surface, so the concentration of chlorophyll 
increase. 
Finally, we use the Bio-Argo data to verify the rationality of ecological provinces 
clustered by the remote sensing data. In the K7 region the concentration of 
chlorophyll is the lowest and increases in the summer and winter accompany with a 
permanent SCM layer. In the K6 region, where algal blooms exist in winter, SCM 
layer is destruction so that the rich nutrient and chlorophyll can be taken to into 
surface. Closer to the K4 region, the algal blooms is even greater. There is a cold eddy 
and strong upwelling in the northwest sea of Luzon. Although the depth of the mixed 
layer is inhibited by upwelling effect, it will be easy to produce strong algae bloom, 
under the combined effect of mixing and upwelling. 

















1.1  选题背景及研究意义 
浮游植物是海洋生态系统的重要初级生产者，尽管它只占全球初级生产者生





绿素 a(Chlorophyll a, Chl-a)是浮游植物进行光合作用的主要色素，也是表征浮游
植物生物量的重要指标[Boyce, et al., 2010]和估算海洋初级生产力的必要参数































理和生物交互作用下的复杂海洋中仍然存在较为显著的生态分区[Sverdrup, et al., 







地化特征，但是关于南海生态分区特征的研究仍然较少[Tang, et al., 1999 ; Liu, et 







1.2  国内外研究现状 
由于海洋观测的不断发展和海色遥感数据尤其是 Chl-a数据的积累以及生态
分析的拓展，越来越多的新方法应用到了全球或局域的海洋。目前海洋生态分区





利用监督式方法的研究主要有[Longhurst, et al., 1995; Longhurst, et al., 2007; 
Devred, et al., 2007; Forget, et al., 2010]。20 世纪 70 年代，美国发射了第一颗海洋



















行了 4 个区的细分，分成了 57 区划[Longhurst, et al., 1995]随着研究的深入
Longhurst 提出进一步细化区划的细则 [Longhurst, et al., 2007]。正是得益于全球
性海洋数据(主要是物理环境因素)的获取，Longhurst 提出的全球 57 个生态分区
已被广泛用作生态研究的地理参考[Longhurst, et al., 1995],而且被用作全球初级
生产力的计算和生物地球化学收支的框架[Boyd & Doney, 2003; Ducklow, 2003; 
Angel, et al., 2007]，也为其他参数化模型研究初级生产力提供了依据和对比
[Behrenfeld & Falkowski, 1997a; Field, et al., 1998; Behrenfeld, et al., 2006; 










督式分类进行生态分区，主要有以下几个主要的研究： [Moore, et al., 2002]利用
CZCS 和 SeaWiFS(sea-viewing wide field-of-view sensor)离水辐亮度数据，使用模
糊逻辑分类(fuzzy logic)算法，尝试着把北大西洋划分为 7 个光学分区；[Oliver, et 
al., 2004]利用 AVHRR(Advanced Very High Resolution Radiometer)的海表温(SST)
和 SeaWiFS 的遥感反射比数据(Rrs(490)和 Rrs(555))，使用了包括模糊 c 均值聚类
(FCM)等在内的 4 种分类算法，对北大西洋的水团进行了划分并分析了水团的运
动和边界； [Oliver, et al., 2008] 利用 MODIS(moderate-resolution imaging 















链接凝聚和 k 均值聚类(k-means)两种算法，把全球分为了 81 个生态区，其中的
17 个分区已经包括了全球绝大多数海区，并且通过船舶走航实测数据验证边界
和分区的合理性；[Hardman, et al.,2008] 基于稳态生态模式的观点,认为真正的海
洋生态区是应该能够利用卫星数据从海表测得，而且与生态区的是一致的，共变
的。该研究使用 SeaWiFS 全球的气候态的 Chl-a 月平均数据，利用主成分分析
(PCA)和层序聚类分析方法，划分全球生态区，调查生态区的系统性特征(持久性





海，一直是海洋生态研究热点区域。[D’Ortenzio & Ribera d’Alcal a´, 2009]基于相
似或不同的海表生物量的季节性变化，反映了相似或不同的机制推动生态系统功
能区假设，利用 SeaWiFS 10 年海表 Chl-a 数据，应用 k-means 算法划分出地中海
生态区包括西北地中海的春季藻华区和其他 4 个间歇性的藻华区。加勒比海位于
热带地区，生态环境复杂，作为世界上深度最大的陆缘海，也是海洋生态研究的
重点地区。[Chollett, et al., 2012]利用一系列的遥感和现场数据，采用一种神经网
络算法-自组织映射(SOM)把加勒比海分为，上升流、高纬度、近岸水域等 6 个
主要分区。北大西洋的春季藻华现象同样是研究的热点地区。[Lacour, et al., 2015]
























[Tang, et al., 1999 ] 利用 CZCS 卫星遥感 Chl-a 浓度和 AVHRR 海表温数据等分析
了吕宋海峡冬季上升流区高 Chl-a 浓度分布的现象,之后仍然有许多的研究关注
这个区域[Liu, et al,.2002; Chen, et al,.2006; Shang, et al., 2012 ]。[Tang, et al., 2003 ]
根据 SeaWiFSChl-a 浓度和实测资料等分析了北部湾 Chl-a 浓度和水质状况的季
节变化和空间分布特征。越南东部外海域夏季上升流区 Chl-a 浓度高值呈射流分
布的特点，其产生机制, [Xie, et al., 2003; Tang, et al., 2004 ; Zhao & tang, 1998]均
从不同侧重点报道了这一现象, 并给出相关的动力解释。[赵辉等，2005]基于南
海海洋先验性的研究，把南海人为的划分为 4 分区：广东沿岸上升流区、越南东
南近岸海区、吕宋上升流区和中央海盆区，使用 SeaWiFS 卫星遥感 Chl-a 数据
对比分析了各个分区浮游植物的时空分布特点。[Tang, et al., 2014]在赵辉对南海
分区的基础上加上了一个北部湾分区，把南海划分成 5 个分区，利用 SeaWiFS 10
年的遥感 Chl-a 数据和小波分析方法，分析各个分区 Chl-a 的季节内和季节变化







1.3  研究目标及内容 
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